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Objective: To compare two semiquantitative scoring systems for assessing the prevalence and severity of
morphologic cartilage lesions, meniscal damage and bone marrow lesions (BMLs) from Magnetic Reso-
nance Imagings (MRIs) of knees with osteoarthritis (OA).
Methods: From participants in the OA Initiative (OAI), a sample of 115 knees with radiographic OA at high
risk of cartilage loss, were selected based on risk factors for progression. Knee MRIs were read separately
using both Whole Organ MR Scoring (WORMS) and Boston-Leeds OA Knee Scoring (BLOKS), and a subset
was fed back to readers for reliability. Baseline readings were used for comparison of the two methods
for inter-reader reliability as well as agreement on presence/absence and severity of MRI features at both
the compartment level and ﬁner anatomical subregion levels.
Results: Both methods had high inter-reader agreement for all features studied (kappa for WORMS
0.69e1.0 and for BLOKS 0.65e1.0). Although the methods agreed well on presence and severity of
morphological cartilage lesions (inter-method kappas from 0.66 to 0.95), BLOKS was more sensitive
for full thickness defects. The two methods gave equivalent results for extent (kappa 0.74e0.80) and
number (Spearman’s Rho¼ 0.85) of BMLs, and little extra information was obtained using the more
complex BLOKS BML scoring. Similar results were also obtained for the common types of meniscal
damage and extrusion (inter-method kappa 0.85e0.94), but the inclusion in BLOKS of meniscal signal
abnormality and uncommon types of tear may be an advantage if these prove clinically meaningful.
Conclusion: Both WORMS and BLOKS had high reliability. The two methods gave similar results in this
sample for prevalence and severity of cartilage loss, BMLs and meniscal damage. Selecting between, or
combining, the two methods should be based on factors such as reader effort, appropriateness for the
goals of a study, and longitudinal performance.
 2010 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Magnetic Resonance Imaging (MRI) can now provide a wealth of
information on knee osteoarthritis (OA) pathology, natural history
and structure-pain relationships that is not obtainable using radio-
graphy1. Various approaches for standardized assessments of knee
OA from MRI have been developed2e4, but varying approaches mayichael C. Nevitt, Department
ia at San Francisco, 185 Berry
5-514-8048; Fax: 1-415-514-
t).
s Research Society International. Presult in different ﬁndings about risk factors and progression of knee
OA depending on the method used. There is little information
comparing such methods and their performance in assessing the
presence, severity and progression of structural ﬁndings of knee OA.
Whole OrganMR Scoring (WORMS)4 and Boston-Leeds OA Knee
Scoring (BLOKS)3 are two methods for semi-quantitatively assess-
ing structural changes of OA from knee MRIs that have been
described in detail3,4 and have been, and will likely continue to be,
widely used in clinical and epidemiological studies5e11. Both
WORMS and BLOKS methods examine a spectrum of OA-related
structural abnormalities including soft tissue, cartilage and bone in
the knee at various anatomical subregion locations. While these
two methods have very similar scoring schemes for some MRI
abnormalities (e.g., ACL. PCL tears, synovitis/effusion, osteophytes),ublished by Elsevier Ltd. All rights reserved.
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chondral bone marrow lesions (BMLs) and meniscal damage are
assessed.
In this study, we investigated how differences betweenWORMS
and BLOKS in scoring cartilage, meniscus and BMLs affect assess-
ment of the presence, extent and severity of structural changes of
OA in knees at high risk of cartilage loss, andwe assessed agreement
between methods and the reliability of scoring. The overall goals
were to inform comparisons of ﬁndings between studies using one
or the other method, to enhance the ability to pool data from the
two methods and to aid in the selection of the best features of each
method for studies of structural changes in knee OA. In a separate
report we compare the sensitivity to detecting change and validity
of the two scoring systems.
Methods
Selection criteria
We studied participants in the OA Initiative (OAI), a longitudinal
cohort study of biomarkers and risk factors for the development and
progression of knee OA in 4796 individuals aged 45e79, eitherwith,
or at risk of developing, knee OA12. Starting with a convenience
sample of knees that had baseline and 24-month follow-up visit
MRIs and knee X-rays available on 08/11/2008,we used such known
risk factors for disease progression as malalignment and BMLs, to
select OA knees with a high risk of cartilage loss. We included knees
with a deﬁnite osteophyte andmild or moderate tibio-femoral joint
space narrowing (JSN), based on a central reading of the baseline
knee radiograph (from OAI public datasets 0.2.1 and 1.2.1), and that
also had one or more of the following: >2 varus or valgus mala-
lignment based on a hip-knee-ankle angle measured from full limb
radiographs13; a large tibio-femoral BML at baseline assessed using
the BLOKS BML size score from a reading done independently of the
ones done for the present study14; or worsening tibio-femoral JSN
between baseline and 12 months based on the central reading. This
yielded 99 knees, which we then supplemented with 16 additional
knees from the Progression subcohort that had baseline deﬁnite
osteophytes and JSN according to a screening reading performed at
the OAI clinical centers, and malalignment based on a full limb
radiograph, for a total of 115 knees (from 115 participants).
MRI & scoring methods
MR images were acquired at four OAI clinical centers using
dedicated Siemens Trio 3T scanners. Details of the acquisitionFig. 1. Anatomical subregion locations WORMS vs BLOKS: (a) WORMS separation of tibial an
condyle into trochlear and weight-bearing subregions, and (c) the medio-lateral division ofprotocols15 and theWORMS4 and BLOKS3 scoring systems have been
published.
Articular surface features (e.g., cartilage, subchondral bone) are
scored in ﬁve subregions for WORMS and two subregions for
BLOKS in each tibio-femoral compartment, and both use four
patellofemoral subregions. WORMS, splits each tibial plateau into
three subregions antero-posteriorly [Fig. 1(a)], and each femoral
condyle into two subregions (“central” and “posterior”). BLOKS
deﬁnes a single subregion for the tibia and “weight-bearing”
portion of the femoral condyle. Both methods deﬁne an anterior
femur/trochlear subregion which is part of the patellofemoral
joint, with only slight differences in how that subregion is deﬁned
[Fig. 1(a) and 1(b)]. For subdividing medial and lateral sides of the
femur, WORMS clearly speciﬁes the border in the coronal plane
using a line extending cranially from the lateral edge of femoral
notch [Fig. 1(c)], with the trochlear groove deﬁned as being on the
medial side of the femur. Although not clearly deﬁned for BLOKS,
that same medial-lateral boundary was used for BLOKS in this
study. When lesions extend across multiple subregions, BLOKS
instructs readers to assign the lesion to the “most involved”
region, but in WORMS readers score each subregion based on the
amount of the lesion in that subregion.
WORMS scores morphological lesions of cartilage thinning or
focal loss in each subregions using a seven-point scale describing the
areal extent of partial thickness and full thickness losswith one score
(see Fig. 2). In BLOKS, cartilage morphology is scored using two
different approaches, a subregional or “cartilage I” score and
a “cartilage II” score that describes cartilage integrity in speciﬁc
locations in a predeﬁned coronal image slice.We only present results
from “cartilage I,”which scores cartilage morphology by assigning to
each BLOKS subregion separate scores for the areal extent of any
cartilage loss and for the percentage of the subregion surface area
that has full thickness loss. Both scores are on a four point scale, but
combined provide 10 possible combinations (see Fig. 2). In this study
we did not score cartilage signal abnormalities, such as a WORMS
score of 1 which indicates increased signal of normal thickness
cartilage on T2-weighted images.
Figure 2 compares the possible scores for cartilage morphology
between the two methods. Because WORMS grades 2.5 and 5 for
full thickness loss do not specify the extent of any additional partial
thickness loss they correspond to several BLOKS score combina-
tions for any loss and full thickness loss. Since the smallest WORMS
lesion size is deﬁned as <1 cmwhile in BLOKS it is deﬁned as <10%
of the subregion, the correspondence between some WORMS and
BLOKS scores can vary depending on size of the subregion (e.g.,
BLOKS 2/0 can correspond to a WORMS 2 or 3).d femur into anterior, central and posterior subregions, (b) BLOKS separation of femoral
the femur deﬁned for WORMS4, which was also used for BLOKS scoring in this study.
Fig. 2. Schematic diagram of the correspondence of different possible categories of WORMS and BLOKS cartilage defect scores for the extent of any cartilage loss and the extent of
full thickness cartilage loss. WORMS score descriptions (paraphrased from Peterfy, et al. 20044): 0¼ normal thickness and signal; 1¼ normal thickness but increased signal on T2-
weighted images (not used in this study); 2.0¼ partial thickness focal defect <1 cm in greatest width; 2.5¼ full thickness focal defect <1 cm in greatest width; 3¼multiple areas of
partial-thickness defects <75% of region or a single partial thickness defect wider than 1 cm but <75% of the region; 4¼ diffuse (>75% of the region) partial-thickness loss;
5¼multiple areas of full thickness loss <75% of the region or a single full thickness lesion wider than 1 cm but <75% of the region; 6¼ diffuse (>75% of the region) full-thickness
loss. BLOKS score descriptions (from Hunter, et al. 20083): Size of any cartilage loss (including partial and full thickness loss) as a % of surface area as related to the size of each
individual region: 0: none; 1: <10% of region of cartilage surface area; 2: 10e75% of region of cartilage surface area; 3: >75% of region of cartilage surface area; AND % full thickness
cartilage loss of the region: 0: none; 1: <10% of region of cartilage surface area; 2: 10e75% of region of cartilage surface area; 3: >75% of region of cartilage surface area.
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the body and each horn of both menisci. WORMS meniscal damage
scores are: 0¼ intact; 1¼minor radial or parrot beak tear; 2¼ non-
displaced tear or prior surgical repair; 3¼ displaced tear or partial
resection; 4¼ complete maceration/destruction or complete
resection. BLOKS scores each meniscal subregion as intact, having
a signal change, having a tear (including whether vertical, hori-
zontal or complex) or having maceration. Important differences are
that BLOKS, but notWORMS, scores signal abnormality (high signal
that does not extend to a meniscal surface in two or more slices),
BLOKS combines partial and full maceration (treated separately in
WORMS) into one maceration measure, and BLOKS records root
tears. BLOKS scores medio-lateral and anterior extrusion of the
meniscal body on a four point scale (0: none,1:<2 mm, 2: 2e5 mm,
3: >5 mm extruded) and although not included in the original
WORMS scale, a modiﬁed version16 assesses medio-lateral extru-
sion on a three point scale (0: none, 1: <50% extruded, 2: >50%
extruded).
For BMLs inWORMS, the score assigned (on a four point scale) to
each of anatomic subregion reﬂects the volume of the subregion
occupied by diffuse edema-like BML. A subregion with one large
lesion can be assigned the same score as a subregion with multiple
small unconnected regions of BML. BLOKS differs from WORMS in
two main ways: (1) in BLOKS readers record every individual sub-
chondral BML and whether each is ill-deﬁned or cystic (or a combi-
nation) and (2) each lesion is scored for three separate parameters:
size, proportion of lesion in contact with the subchondral bone plate
and proportion of cystic lesions within the BML, with each score
being a four-point scale.
MRI reading procedures
Two experienced MSK radiologists (AG, FR) read MRIs from each
knee paired, but blinded to order and subjects’ clinical characteristics.For damage to the meniscal body, coronal IW TSE and coronal
Multi-Planar Reformats (MPR) of 3DDESSWE imageswereused. For
the meniscal horns, sagittal IW TSE (fat suppressed) and sagittal 3D
DESSWE sequences were used. In cases of uncertainty axial MPR of
3D DESS images were viewed. For BML scoring in WORMS only
sagittal IW (fs) imageswere used. To assess the cystic part of BMLs in
BLOKS coronal IW TSE, sagittal 3D DESS, and coronal MPR of DESS
images were considered. For cartilage assessment all ﬁve sequences
were taken into account depending on the subregion to be scored.
Knees were read at both time points for cartilage morphology,
meniscal damage/extrusion, and BMLs in batches of 12 or 13 using
one scoring method at a time, with each knee being assessed by the
same reader using both methods but at different times. The reading
method to be used for a batch was randomly assigned, until all
batches assigned to each reader were assessed using both methods.
There was an interval of at least 2 weeks between readings of the
same knee using different methods. The number of knees assessed
by each reader was roughly equal. Twenty-ﬁve knees were read by
both readers for inter-rater reliability.
Analytical strategy
Using WORMS, the presence of cartilage loss in a subregion was
deﬁned as a score 2 in that subregion, and presence of full
thickness loss was deﬁned as a score 2.5, 5 or 6 in the subregion. For
BLOKS, presence of any cartilage loss or of full thickness loss in
a subregionwas deﬁned as a score of >0 for each type, respectively.
Presence/absence of cartilage loss and full thickness loss within
a compartmentwas deﬁned based on the highest score in any of the
subregions of a given compartment. An analogous approach was
used to summarize BML scores over subregions of a compartment.
BLOKS and WORMS use the same anatomical subdivisions of the
meniscus, so for comparison of meniscal damage, direct examina-
tion of subregion scores was used.
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Spearman’s rank correlation coefﬁcient. For inter-rater and inter-
method agreement, we calculated kappa statistics (simple for
dichotomousandcategorical variables,weighted forordinalvariables).
Results
Subject characteristics
Sixty (52%) of the 115 participants were male, 62 (54%) had
a BMI 30, 41% were less than 60 years old and 26% older than 70.
Based on central readings of all knee X-rays, 107/115 knees had
a deﬁnite osteophyte and non-end stage JSN on X-ray; two had
aKellgren and Lawrence (KeL) grade<2 and6wereKeL grade 4. 28%
of knees were selected based on having JSN progression from base-
line to 12 months, and 66% were malaligned (varus or valgus). At
baseline 34% had a large BML, and 89% had frequent pain in the knee
studied.
Cartilage morphology scoring
Subregion level
Only some of the score values (WORMS 0, 3 and 5; BLOKS
combinations 0/0, 2/0 and 2/2) were used often (Fig. 3). A higher
proportion of subregions had no cartilage loss onWORMS compared
to BLOKS, consistent with the greater number and smaller size of the
WORMS subregions. Certain WORMS subregions had a much lower
prevalence of cartilage defects than others (e.g., there are cartilage
defects in 76% of central medial tibia subregions, but in anterior and0 10
0 10
6: diffuse (>75% of region) full thickness loss
5: areas of full thickness loss > 1cm and < 75% of 
the region
4: diffuse (>75% of region) partial thickness loss
3: multiple areas of partial thickness defect inter-
mixed with areas of normal thickness
2.5: full thickness focal defect < 1cm width
2: partial thickness focal defect < 1cm width
0: no morphological lesion
a WORMS Cartilage Morphology Scores
b  BLOKS Cartilage Scores
Percent of region with full 
thickness cartilage loss
Percent of region with 
any cartilage loss
Grade 3: > 75%
Grade 2: 10-75%
Grade 1: 1-10%
Grade 0: 0%
Grade 1: 1-10% full thickness
Grade 2: 10-75% full thickness
Grade 2: 10-75% full thickness
Grade 3: > 75% full thickness
Grade 0: no full thickness
Grade 1: 1-10% full thickness
Grade 0: no full thickness
Grade 1: 1-10% full thickness
Grade 0: no full thickness
Grade 0: no full thickness
Fig. 3. Showing (a) the distribution (% of all tibiofemoral and patellofemoral subregions aff
only, and (b) the distribution (% of all tibio-femoral and patellofemoral subregions affectedposterior medial tibia subregions there was a prevalence of <25%
and in the anterior lateral tibia a prevalence of only 4%).
For subregions with only partial thickness loss, WORMS cate-
gories (2, 3, and 4) and BLOKS categories (1/0, 2/0 and 3/0, respec-
tively) are roughly equivalent and those categories were assigned
with similar relative frequencies. Moderate areas (10e75%) of partial
thickness cartilage loss with no full thickness lesion were the most
frequent scores in both methods.
Small full thickness lesions were infrequently scored in both
methods. A WORMS score of 2.5 for a minimal area (<1 cm) of full
thickness loss is described as an isolated lesion, so it is unclear as to
what WORMS score should be used for subregions with a minimal
area of full thickness loss, but with concomitant partial thickness
loss in the same subregion (Fig. 2). In contrast, BLOKS allows for
identiﬁcation of subregions with a minimal area (<10%) of full
thickness combined with a larger total extent of any loss (2/1 and 3/
1), although these were infrequently used in this sample.
Scores indicating moderate areas (WORMS: >1 cm but <75%,
BLOKS: 10e75%) of full thickness cartilage loss were the second
most common lesion category in both WORMS (5) and BLOKS (2/2,
3/2). The BLOKS category 3/2 indicates a moderate area of full
thickness loss in a subregion with extensive (>75%) overall loss.
However, this combination, which is not explicitly deﬁned in
WORMS but would most likely be scored as 5, was uncommon.
In the PF compartment, WORMS and BLOKS subregions are
roughly equivalent making direct comparison of scores possible
(Table I). At this subregional level, agreement between methods on
the absence/presence of any type of lesion was extremely high
(kappa¼ 0.93), as was agreement for presence/absence of full20 30 40 50 60
% frequency
KL2
KL3
20 30 40 50 60
% frequency
KL2
KL3
ected) of WORMS cartilage morphology scores. Grades 2, 3 and 4 are partial thickness
) of the possible combinations of BLOKS cartilage morphology scores.
Table I
Comparison of baseline WORMS and BLOKS cartilage scores in patello-femoral subregions
WORMS cartilage morphology score BLOKS cartilage morphology score No of
subregions
(% of subregion with any cartilage loss/% of subregion with full thickness loss)
0/0 1/0 1/1 2/0 2/1 2/2 3/0 3/1 3/2 3/3
0: normal thickness and signal 162 2 0 7 1 0 0 0 0 0 172
2: solitary partial thickness
focal defect <1 cm width
1 7 0 4 0 0 0 0 0 0 12
2.5: solitary full thickness
focal defect <1 cm width
0 0 0 0 1 0 0 0 0 0 1
3: multiple areas of partial thickness
defect intermixed with areas
of normal thickness
5 1 0 169 5 7 1 0 1 0 189
4: diffuse (>75% of region)
partial thickness loss
0 0 0 2 0 0 12 0 0 0 14
5: areas of full thickness loss
>1 cm and <75% of the region
0 0 0 3 1 42 0 0 11 3 60
6: diffuse (>75% of region)
full thickness loss
0 0 0 0 0 1 0 0 2 9 12
No of subregions 168 10 0 185 8 50 13 0 14 12 460
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reader kappas at the subregion level for WORMS and BLOKS,
respectively, were 0.96 and 0.93 for any lesion and 0.97 and 0.97 for
full thickness lesions. Therewas alsogoodagreementon thepresence
and extent of partial thickness loss with no full thickness loss.
However, there were several WORMS vs BLOKS discrepant scores
that are informative. For example, WORMS scores of 3 indicating
areas of partial but no full, thickness loss and scores of 5 indicating
only full thickness loss were often scored in BLOKS as having areas of
both partial and full thickness lesion, suggesting uncertainty when
applyingWORMSto areaswithboth full and partial thickness lesions.
In addition, a small number of subregions scored normal by each
method had small to moderate areas of partial thickness loss
according to the other, indicating uncertainty in assessment of these
small lesion.
Compartment and knee level
Overall, 112/113 knees (99%) had prevalent cartilage defects by
one or the other scoringmethod. Full thickness loss was detected in
79/113 knees (70%) using WORMS and 88/113 knees (78%) using
BLOKS. Similarly, at the compartment level, the prevalence of any
cartilage defect was nearly identical using the twomethods, but full
thickness loss was 15e25%more frequent when scored with BLOKS
when compared to WORMS.
Table II shows agreement between the two methods at the
compartment level for the presence of any type of cartilage defect,
and for the presence of full thickness loss. Agreement was high for
any cartilage loss (kappas 0.78e0.95) but slightly less good for
presence/absence of any full thickness loss (kappas 0.66e0.86). The
tendency for readers to score more full thickness lesions with BLOKS
than WORMS was seen in all three compartments. Inter-rater
agreement for each method is also shown in Table II for context;
kappas were generally higher for inter-reader than inter-method
agreement.
Meniscal damage scoring
Table III compares the scores assigned to all subregions (ante-
rior, body, posterior) of the medial meniscus. Signal abnormality,
not scored in WORMS, was scored using BLOKS in 22% (40/184) of
subregions. Of the six types of tear identiﬁed by BLOKS, horizontal
tears were common and scored as WORMS grades 1 or 2, while
complex tears were somewhat less common and generally given
aWORMS grade 3 (displaced tear or partial resection). In BLOKS the
end stage of ‘maceration’ (any loss of normal morphologicalappearance) comprised over 70% of lesions; these were nearly
always scored as WORMS grade 3 (displaced tear/partial resection)
and rarely as grade 4 (complete maceration/destruction/resection).
Results for the lateral meniscus (not shown) were similar, but with
much lower lesion prevalence.
There was high agreement between the methods at the subre-
gion level for presence/absence of any morphological damage
(counting signal abnormality as no damage) in themedial meniscus
(kappa¼ 0.94 [95% CI 0.90e0.98]) and in the lateral meniscus
(kappa¼ 0.85 [95% CI 0.76e0.94]). This was somewhat higher than
inter-reader reliability for presence/absence at the subregion level
for WORMs (0.85 [0.77e0.94]) and for BLOKS (0.65 [0.54e0.76]).
TheWORMSmeniscus score is intended as a scale for severity of
damage, while BLOKS does not explicitly assess severity. Never-
theless, there was a high degree of concordance (weighted
kappa¼ 0.93 [95% CI: 0.90e0.97]) between them when each was
converted to a three-level scale using the grouping shown in
Table III. Inter-reader agreement was similar for these three-level
scales, with weighted kappas of 0.91 (0.85e0.97) for WORMS and
0.86 (0.77e0.95) for BLOKS.
WORMS and BLOKS scores for extrusion of the medial meniscal
body agreed well: simple kappa¼ 0.89 [95% CI 0.74e1.00] for
presence/absence of extrusion. BLOKS grade 3 (>5 mm extruded),
rarely used, was always scored as WORMS grade 2 (>50%
extruded). Inter-reader agreement on the grade of medial meniscal
extrusion was high (WORMS: weighted kappa¼ 0.81 [95% CI
0.60e1.00], BLOKS weighted kappa¼ 0.75 [95% CI 0.50e1.00]).
Results were similar for the lateral meniscus.
Anterior extrusion, not scored in WORMS, was rarely scored
present in BLOKS without medio-lateral extrusion also being
present. When anterior extrusion was scored on its own, it was
always minor (grade 1: <2 mm). This feature also had poor inter-
reader reliability for presence/absence in the medial meniscus
(simple kappa¼ 0.48 [0.13e0.83]).
BML scoring
Table IV shows good agreement (weighted kappas 0.74e0.80)
within compartments between the highest WORMS subregion BML
score (% of any subregion occupied by all BMLs) and the BLOKS score
for the largest individual BML (%of any subregionoccupied bya single
BML). Thiswas similar to the level of inter-reader agreement for each
method.
Of the BMLs scored inBLOKS, 56 (11%)were<10% edema (TableV)
and might not be scored as BMLs inWORMS. Repeating the analyses
Table II
Agreement between WORMS and BLOKS on presence of any lesion (left) and full thickness lesions (right) at the compartment level. Cohen’s kappa (k) is given for each
crosstabulation
Presence of any lesion (WORMS 2 vs BLOKS size score >0) Presence of full thickness lesion (WORMS 2.5, 5 or 6 vs
BLOKS full thickness score >0)
Medial tibio-femoral compartment
WORMS WORMS
No Yes No Yes
BLOKS No 8 2 10 BLOKS No 65 0 65
Yes 1 102 103 Yes 8 40 48
9 104 113 73 40 113
k¼ 0.83 [95% CI 0.64e1.00] k¼ 0.85 [95% CI 0.75e0.95]
Inter-rater
WORMS k¼ 1.0 [95% CI 1.0e1.0] k¼ 0.92 [95% CI 0.58e1.0]
BLOKS k¼ 1.0 [95% CI 1.0e1.0] k¼ 0.68 [95% CI 0.39e0.96]
Lateral tibio-femoral compartment
WORMS WORMS
No Yes No Yes
BLOKS No 33 6 39 BLOKS No 76 4 80
Yes 5 69 74 Yes 11 22 33
38 75 113 87 26 113
k¼ 0.78 [95% CI0.66e0.90] k¼ 0.66 [95% CI 0.50e0.82]
Inter-rater
WORMS k¼ 0.88 [95% CI 0.66e1.0] k¼ 0.69 [95% CI 0.36e1.0]
BLOKS k¼ 1.0 [95% CI 1.0e1.0] k¼ 1.0 [95% CI 1.0e1.0]
Patello-femoral compartment
WORMS WORMS
No Yes No Yes
BLOKS No 10 1 11 BLOKS No 61 1 62
Yes 0 102 102 Yes 7 44 51
10 103 113 68 45 113
k¼ 0.95 [95% CI 0.85e1.00] k¼ 0.86 [95% CI 0.76e0.95]
Inter-rater
WORMS k¼ 1.0 [95% CI 1.0e1.0] k¼ 0.92 [95% CI 0.76e1.0]
BLOKS k¼ 1.0 [95% CI 1.0¼ 1.0] k¼ 0.92 [95% CI 0.77e1.0]
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effect on the agreement between methods. For small (size score¼ 1)
BLOKS BMLs, 70% were almost completely comprised of edema. For
large BMLs (size score¼ 3), the majority were a combination of both
edema and cyst. BLOKS scores for adjacency of BMLs to the
subchondral plate was largely redundant with the BML size score
(Table V).
We compared the number of BMLs present in a knee according
to BLOKS with the number of WORMS subregions in the knee in
which at least one BML was present. We found a strong association
between these two parameters (Spearman’s Rho¼ 0.85). We also
calculated a summary measure of BML severity within each knee
for both methods. For BLOKS we used the sum of BML size scores
for all BMLs in a knee and for WORMS we used the sum of the BMLTable III
Comparison of BLOKS andWORMS scores in subregions of themedial meniscus. The dashe
the collapsing of the WORMS scale into a similar three-point scale. Agreement between
WORMS meniscal tear score (medial meniscus) BLOKS meniscal tear category
Normal Signal abnormali
Grade 0: intact 144 40
Grade 1: minor radial tear or parrot-beak tear 0 0
Grade 2: non-displaced tear or prior surgical repair 2 0
Grade 3: displaced tear or partial resection 1 1
Grade 4: complete maceration/destruction/resection 0 0
Total 147 41
* Not included in this table is one posterior horn root tear (scored on BLOKS) which wsize scores for all the subregions of the knee. These two measures
were strongly associated (Spearman’s Rho¼ 0.88).Discussion
For cartilage, meniscus and subchondral BMLs, key features for
whichWORMS and BLOKS are substantively different, we found no
major differences between the methods in assessing the presence,
extent and severity of those structural changes of OA. In addition,
Inter-rater reliability for all features was high for both scoring
methods, with the exception of scoring anterior meniscal extrusion
in BLOKS. Our results suggest that selecting between, or combining,
the approaches of each method may be largely inﬂuenced byd lines represent division of the categorical BLOKS scale into different severities, and
these three-point scales was high [weighted kappa¼ 0.93 [95% CI: 0.90e0.97].
(medial meniscus)* Total
ty Horizontal tear Vertical tear Complex tear Macerated
1 0 0 4 189
5 0 0 0 5
26 0 2 2 32
0 3 8 101 114
0 0 0 4 4
32 3 10 111 344
as scored as “grade 2: non-displaced tear” on WORMS.
Table IV
Associations for each compartment of the knee, between the BLOKS BML Size score of the largest BML in a compartment with the maximum subregion WORMS BML score in the
same compartment, along with weighted kappa (k) [95% CI] for the agreement between theWORMS score and BLOKS score. Inter-reader kappas for the same features are also
presented
WORMS BML Score
(% of sub-region)
BLOKS BML Size Score (% of subregion)
Medial tibio-femoral compartment Lateral tibio-femoral compartment Patello-femoral compartment
0: None 1: <10% 2: 10e25% 3: >25% 0: None 1: <10% 2: 10e25% 3: >25% 0: None 1: <10% 2: 10e25% 3: >25%
0 (None) 29 4 2 0 69 1 4 1 47 2 1 0
1 (<25%) 3 16 6 0 2 16 4 1 2 9 6 0
2 (25e50%) 0 3 21 10 1 1 11 2 0 2 14 12
3 (>50%) 0 0 4 17 0 0 0 2 0 1 3 16
Weighted k¼ 0.76 [0.69e0.84] Weighted k¼ 0.74 [0.62e0.86] Weighted k¼ 0.80 [0.72e0.86]
Inter-Rater
WORMS Weighted k¼ 0.78 [0.63e0.93] Weighted k¼ 0.80 [0.57e1.00] Weighted k¼ 0.94 [0.85e1.00]
BLOKS Weighted k¼ 0.79 [0.61e0.97] Weighted k¼ 0.92 [0.82e1.00] Weighted k¼ 0.74 [0.56e0.92]
NB: table does not include BMLs in the subspinous region.
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ness for the goals of a speciﬁc study, and longitudinal performance.
Cartilage morphology scoring
While BLOKS assesses partial and full thickness cartilage loss
separately, the WORMS approach of combining the extent of full
thickness and partial thickness loss into a single score potentially
results in a scale that is not ordinal. Having two separate scores for
cartilage loss in BLOKS avoids the problems raised byWORMS such
as whether a WORMS grade 2.5 (small focal full thickness loss) is
more or less severe (or simply a different type of damage), than
grade 3 or 4 (larger partial thickness loss only). Also with WORMS
there is no obvious way to score a subregion with >10% partial
thickness loss which has developed a tiny amount of full thickness
loss too small to be considered grade 5, but the degree of partial
thickness loss is too large for it to truly be considered an isolated
focal lesion (as grade 2.5 is deﬁned).
Despite such differences, we found that the overall picture of
cartilage loss did not differ much between the methods: agreement
was good for presence of cartilage defects at the subregion,
compartment and knee level (Tables I and II). WORMS cartilage
scores allowed differentiation of the presence of partial thickness
only loss from full thickness loss within both subregions and
compartments, with good agreement with BLOKS (see Table II),
although BLOKS did show a slightly higher prevalence of full
thickness loss. This result suggests that in WORMS, when a subre-
gion is mixed between small full thickness loss and more extensive
partial thickness loss, and therefore has no well deﬁned WORMSTable V
Showing (top) the association between the size of a BML and the amount of the BML
that is edema (as opposed to cystic), and (bottom) the size of a BML and the amount
of the BML that is adjacent to the subchondral plate for each of the 512 lesions scored
using BLOKS
BLOKS BML
size score
BLOKS BML % lesions edema score
0: None 1: <10% 2: 10e85% 3: >85%
1: <10% 17 (7%) 23 (10%) 30 (13%) 159 (70%) 229 (100%)
2: 10e25% 5 (3%) 9 (5%) 68 (37%) 104 (56%) 186 (100%)
3: >25% 0 (0%) 2 (2%) 56 (56%) 39 (40%) 97 (100%)
BLOKS BML adjacency score
0: None 1: <10% 2: 10e25% 3: >25%
1: <10% 3 (1%) 226 (99%) 0 (0%) 0 (0%) 229 (100%)
2: 10e25% 0 (0%) 12 (6%) 173 (93%) 1 (1%) 186 (100%)
3: >25% 0 (0%) 1 (1%) 9 (9%) 87 (90%) 97 (100%)
NB: BLOKS BML size score¼ 0 is not included because that score means no BML was
present.grade, readers may tend to score the extent of partial thickness loss
as the predominant type of damage in a given subregion.
Both methods allow for scoring of small focal areas of either
partial or full thickness loss, but this was uncommon in the knees
we studied, which is likely due to our selection of knees with mild
or moderate JSN. Other studies that have included knees with less
severe radiographic disease have found a higher prevalence of
small focal defects, suggesting these may be a precursor of more
extensive cartilage damage17. On the other hand, very extensive
(>75% of area) areas of either partial or full thickness loss were also
uncommon, consistent with our selection of knees that were not
end stage.
Meniscal damage scoring
Despite the focus of BLOKS on the presence/absence of speciﬁc
types of meniscal tear and the focus of WORMS on scaling meniscal
damage by severity, there appeared to be very good agreement
between assessments of meniscal damage using WORMS and
BLOKS. Further, we found that BLOKS categories of meniscal tear
type can be mapped into a severity ranking that closely agrees with
the meniscal damage severity scaling of WORMS.
Signal abnormalities assessed using BLOKS, but not included in
WORMS, were seen in about one quarter of otherwise normal
menisci in this study. If these common signal abnormalities prove to
be clinically meaningful, their scoring in BLOKS would be advan-
tageous. Similarly, recording uncommon types of tears such as
vertical tears and root tears, as done in BLOKS, would be an
advantage in large-scale studies if these proved to be clinically
important. Further study of thesemeniscal abnormalities is needed.
BLOKS does not differentiate partial from complete maceration of
themeniscus, as is done inWORMS, but the latterwas uncommon in
our study. It may be more common in knees with more severe OA.
Meniscal extrusion scored medio-laterally showed good agree-
ment between BLOKS and modiﬁed WORMS for both the presence/
absence of extrusion and the severity of the extrusion. The WORMS
extrusion scale may be preferred because it is simpler and does not
require measurements. WORMS does not score anterior extrusion,
but this was rarely seen without concomitant medio-lateral extru-
sion, and its presence was scored with poor inter-reader reliability.
BML scoring
BLOKS scoring of BMLs is farmore complex and time-consuming
thanWORMS.We did not identify any clear differences in results or
advantages compared to WORMS that would justify the added
complexity and effort. BLOKS scores not only BML size, but provides
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highly associated with the number of subregions scored as having
diffuse edema-like BMLs in WORMS, suggesting that the simpler
WORMS subregion count provides equivalent data to the number of
BMLs. We also found a strong association between the sum of
WORMS BML size scores over all subregions of the knee and the
sum of BLOKS BML size score over all individual BMLs. For each
compartment there was high agreement between the highest
WORMS BML score and the size of the largest BLOKS BML (Table IV),
suggesting that the smaller percentages used to deﬁne the BLOKS
categories compared to WORMS largely compensate for the much
larger BLOKS subregions.
We found that the BLOKS score for adjacency of BMLs to the
subchondral plate was largely redundant with the BML size score
and probably adds little or no information (Table V). BLOKS, but not
WORMS, assesses each BML for the extent of area that is a cystic
lesion. However, BLOKS identiﬁed few primarily cystic BMLs and
excluding these did not alter the high level of agreement between
the methods.
Limitations
Our study has several limitations. We did not include all pub-
lished methods for scoring knee OA from MRIs (e.g.,2), but rather
focused on the two most widely used, and did not include
methods that have not been as extensively described or applied in
epidemiological and clinical studies. We studied knees with
deﬁnite OA and some JSN that was not “end-stage” and that were
at high risk of cartilage loss. Most knees already had signiﬁcant
structural changes. Our results may not apply to knees with other
clinical and radiographic characteristics and we cannot comment
on any differences between the two methods in assessing MRI
features of either early OA or end stage disease. The prevalence of
abnormalities exhibited in our sample is also likely to be higher
than in a representative sample of KeL grade 2 or 3 knees. The
“cartilage II” instrument of BLOKS was not considered in our
analyses as WORMS does not offer a comparable assessment of
a single-slice scoring at deﬁned locations. The utility of this
streamlined approach looking at only deﬁned locations and not
subregions needs to be explored.
Conclusion
For scoring cartilage morphology, BMLS, and meniscal damage
and medio-lateral meniscal extrusion, WORMS and BLOKS
appeared to provide equivalent information and both methods had
high levels of inter-reader reliability. BLOKS scoring of BMLs is
much more complex than WORMS and this adds substantial effort
to reading. Our results do not support the value of this additional
effort. On the other hand, the greater number of articular surface
and subchondral bone subregions in WORMS compared to BLOKS
means more effort in using the former. While none of our analyses
speciﬁcally addressed the added value of the ﬁner grained
anatomical subregions in WORMS scoring, it could provide more
useful data on spatial interrelationships between the various
structural changes in knee OA than the much larger swaths of joint
tissue contained in the BLOKS subregions. Newly published
data18,19 suggest that co-location of cartilage defects, bone marrow
edema and meniscal damage may provide insight about the path-
ophysiology and natural history of knee OA.
In summary, our results suggest that in cross-sectional studies of
the prevalence and severity of cartilage loss, BMLs and meniscal
damage, WORMS and BLOKS are likely to give equivalent results in
similar cohorts of patients. BLOKS provides potentially useful
additional information on types of meniscal lesions. Analyses
comparing the two methods for assessing structural progression ofknee OA and relationships with risk factors for progression of knee
OA are in an accompanying article.
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